Pb-Ba-Ag deposit is located 20 km north of Delijan ( Figure 1a ) in the Urumieh-Dokhtar magmatic belt (Figure 1b) . Ore mineralization is found in 7 separated and/or partially attached pockets and lens-like orebodies ( Figure 1c ). The Ravanj deposit has been in operation for 40 years and total extracted ore is estimated to be about 4 million metric tons (Mt) at 2.5% Pb cutoff grade (Samani et al., 2010) . There are two hypotheses regarding the origin of the Ravanj deposit:
• Based on geology, semiconcordant to concordant morphology of orebodies, mineralogy, and ore textures, Modabberi (1995) suggested an early diagenetic origin for the Ravanj deposit. In his model, the economic metals were probably derived from continental weathering or distal volcanism and then deposited due to reaction with bacterial reduced sulfur in the progressive carbonate facies of tidal flats.
• In another study, based on host rock type, ore textures, and ore mineralogy, Aliabadi (2000) suggested that deposition of low-grade metal-bearing sediment was followed by subsequent remobilization and concentration of the metals by circulation of connate and meteoric waters (MVT model).
Although general geology and ore mineralogy of the Ravanj Pb-Ba-Ag deposit have been studied and generally are known, the source of metals and fluids and mechanism of the mineralization are controversial. This study covers rare earth elements geochemistry of country shale, host rock, and ore samples to gain a better understanding of the source of metals. In addition, sulfur isotope data and microthermometric investigations are carried out in order to understand the source of sulfur and possible mechanisms of ore precipitation.
Geological setting
The Ravanj Pb-Ba-Ag deposit is located in the Zagros orogenic belt in western Iran. From northeast to southwest of Iran, this belt is subdivided into three parallel belts including the Urumieh-Dokhtar magmatic arc (UDMA), the Sanandaj-Sirjan metamorphosed zone (SSZ), and the Zagros folded-thrust belt (Alavi, 1994; Golonka, 2004) . The southern boundary of SSZ with the Zagros foldedthrust belt is clearly visible but the northern boundary with the UDMA is not obvious in Central Iran due to the extensive coverage of Tertiary rocks, lateral facies changes, and complex deformation. The main differences between the SSZ and UDMA are age and intensity of the magmatic events; the SSZ and UDMA are characterized by intense magmatic events of Mesozoic and Cenozoic, respectively (Berberian and King, 1981) .
The Ravanj Pb-Ba-Ag deposit is hosted by the Lower Cretaceous strata that are exposed in the core of the Ravanj anticline in the UDMA (Emami, 1996) . The Cretaceous units start with disconformable terrigenous sediments consisting of a basal conglomerate, upper quartzose sandstone, and bedded cream sandy dolomite. These strata (Cd strata in Figure 1c) show maximum thickness of about 50 m. The Lower Cretaceous strata overlays the Jurassic strata of the Shemshak formation (J.Sh). The latter consists of dark gray laminated shales with interbeds of quartzrich sandstone. Shale layers are composed of clay, sericite, and quartz. These types of progradation from Jurassic to Lower Cretaceous rocks are also reported in other deposits in the region such as Emarat (Ehya et al., 2010) and Anjireh-Vejin (Lisenbee and Uzunlar, 1988) . Bedded Orbitolina limestone with minor shale and mudstone overlays conformably the progressive Cd strata. The shale content of bedded Orbitolina limestone increases upwards and grades into shale. The thickness of the shalebearing limestone sequence (Ksb) is about 250 m. Minor Pb-Ba mineralization locally occurs in the Ksb strata. The economic ore zone (5 -30 m thick) is hosted by a massive to thick-bedded Rudist-bearing limestone (Km2), up to 130 m thick. The orebodies occur above the thrust contact of the Jurassic shale/shale-limestone and massive limestone. There is a sharp contact between mineralized and unmineralized zones in the NW part of the deposit whereas mineralization splays towards the SE region. It appears that mineralization was controlled by NE-SW trend faults. These normal faults dip ~60° to the SE and crosscut the host rock and thrust faults. The host rock carbonates alternate with two shale-bearing strata. The Km2 is conformably overlain by Albian shale (U.Sh). The Lower Cretaceous units are unconformably superimposed by a succession of Eocene conglomerate, shale, marl, tuff (E.5), volcaniclastic rocks (E.6), Oligocene conglomerate, shale, sandstone and gypsum (Lower Red Formation, L.R), and the Oligo-Miocene marl and limestone of the Qom formation (Qm). Post-lower Miocene granodiorite (Gd) stocks and dykes (Dy) intrude along NW-SE normal faults and also cut all strata from the Jurassic shale to the Qom formation. These post-mineralization younger dykes ( Figure 1c ) also cut orebodies. Pyrite is the only opaque mineral in these dykes. Post-Cretaceous rocks do not show any evidence of Pb mineralization; however, an Fe deposit (e.g., Sarvian magnetite deposit in northeast part of Ravanj Anticline) occurs in the Eocene volcanic rocks. Cross cutting relationships indicate that these post-lower Miocene granodiorite (Gd) stocks and dykes were injected after Pb-Ba mineralization and seemingly played no distinct role in the Ravanj Pb-Ba mineralization.
Methodology
Representative samples were collected from the open pit parts of A, Bw, Cn, and Cs, and from A and Bs tunnels (Figure 1c , 1997) . c) Geological map of the Ravanj anticline (modified after Modabberi, 1995) . UDMA: Urumieh-Dokhtar magmatic arc, SSZ: Sanandaj-Sirjan zone, ZFB: Zagros Folded belt. 
Results

Ore and gangue zoning
At Ravanj, galena and barite show zoning from lower to upper parts of all orebodies. Sphalerite and pyrite are also found in the Cs (southern part of C) orebody. The southwestern part of the Cs orebody is highly pyritized and is characterized by a Zn/(Zn+Pb) ratio greater than 0.3. Toward the outside of the orebody, galena and barite increase. Gradually towards the southeast part, barite increases, Zn decreases, and the Zn/(Zn+Pb) ratio reaches lower than 0.1 (Figure 2 ). Similar metal zoning in carbonate hosted MVT deposits has been described in other districts such as Pine Point, Southeast Missouri, and Irish Midland deposits (Leach et al., 2005) . From bottom to top of the orebodies, ore grade decreases (Figure 3 ), whereas barite and calcite content increase. Minor dolomite mineralization occurs outward from the orebodies where ore grade is low. This type of mineralization could be consistent with the direction of the fluid flow path. Metal zoning in the Ravanj Pb-Ba-Ag deposit provides the opportunity to correlate the mineral paragenesis with metal zoning.
Mineralization
Stratabound and lens-shape orebodies occur semiconcordant to concordant at the stratigraphic base of the massive limestone (Km2) at the tectonic contact with There is no evidence of syngenetic ore deposition. The ore has simple mineralogy. The following primary ore minerals were identified: galena and pyrite as major ore minerals, and sphalerite, tetrahedrite, and chalcopyrite as accessory ore minerals. Calcite, barite, dolomite, and quartz are gangue minerals. Supergene minerals include cerussite, Fe-oxides, smithsonite, covellite, malachite, and azurite.
200m
Galena: Galena is the main ore mineral. It occurs as anhedral disseminated grains (0.1-0.6 mm) and open space filling (1-5 mm). It seems that galena was deposited in the early, main, and late stages of mineralization. Early stage galena is paragenetically associated with tetrahedrite and shows intergrowth texture. Galena at the main stage contains inclusions of sphalerite (Figure 5a ), tetrahedrite ( Figure 5b ), and pyrite. These two stages of galena mineralization were separated from each other by pyrite type III and stage 1 sphalerite mineralization that occurred after the early stage of galena and shows a hiatus between galena mineralization stages. A similar hiatus between galena mineralization stages during which bladed marcasite was precipitated is reported in the Viburnum Trend in SE Missouri (Mavrogenes et al., 1992) . Finally, during the late stage, rare inclusion-free galena, up to 5 mm in size, was deposited with calcite and dolomite in open spaces (Figure 5c ).
Pyrite: Four types of pyrite are distinguished. Type I: Spherules and framboidal fine-grained pyrite. This type occurs as inclusions and partially engulfed aggregates in galena, unmineralized limestone, and in the lower organicrich shale layers. Framboidal pyrites associated with the ore are considered to be indicators of biogenic activity (Love, 1962; Mavrogenes et al., 1992; Kucha et al., 2010) . Type II: Colloform pyrite, 0.2 to 2 mm in size (Figure 5d ), formed after framboidal pyrite. It is found with minor barite in host rocks. Carbonate and barite relicts are found within colloform pyrite. Colloform texture of pyrite is a function of the saturation rate of iron and sulfur in fluid, and indicates rapid crystallization from a supersaturated ore fluid (Anderson, 2008; Anderson and Thom, 2008) . Colloform pyrite was deposited after host rock sparitization and minor barite deposition, but framboidal pyrite was deposited as early diagenetic mineral. Sphalerite: Paragenetically, sphalerite formed earlier than main-stage galena. Dark green to black sphalerite occurs as fine disseminated anhedral grains and rarely intergrowth with galena ( Figure 5f ).
Fahlore group: Fahlore minerals are distributed randomly and usually occur as inclusions in galena. They rarely show intergrowth textures with galena or engulfed sphalerite.
Chalcopyrite: Rare chalcopyrite occurs as anhedral blebs in galena. It is deposited before and during galena deposition.
Calcite: Calcite precipitation has taken place in 3 stages. First, calcitization occurred as micrite replacement by sparite, which predated sulfide mineralization. Large calcite crystals (up to 1 cm, Figure 5g ) and veinlets formed during the second stage. This calcite occurred before the main stage galena because they show evidence of dissolution and replacement by main-stage galena ( Figure  5h ). Finally, fractures and dissolution cavities were filled with post-mineralization stage calcite.
Barite: Dispersed platy and prismatic crystals, bundles, and stellate aggregates of barite, as a few mm to cm in length, are ubiquitous in open spaces and vugs of host rocks. Where barite is a main gangue mineral, ore minerals are generally disseminated among barite grains. Most barite mineralization occurred during and after main-stage galena mineralization (Figure 5i) . Dolomite: Dolomite occurs as a minor gangue mineral formed during pre-main and late-stage mineralization.
Quartz: Trace amount of anhedral to euhedral finegrained quartz (smaller than 50 microns) are found in dolomite as well as open spaces. It is generally surrounded by galena. Secondary minerals: At Ravanj, oxidation processes caused formation of Fe-oxyhydroxides, cerussite, smithsonite, covellite, malachite, and azurite. Oxidation of sulfide minerals in near-surface condition in most Iranian Pb-Zn deposits could be due to the arid climate and a low water table (Reichert and Borg, 2008) . A summary of mineralization paragenesis in the Ravanj deposit is shown in Figure 6. 
Geochemistry
The Zn/(Zn+Pb) ratios in the Ravanj deposit is low (0.01-0.24 with mean of 0.08). The Mg value is also very low 
Microthermometry
Fluid inclusion samples were collected from calcite and barite of the Cs orebodies. Sphalerite was not suitable for microthermometric studies due to its small grain size and dark color. Suitable fluid inclusions are found in three types of gangue minerals: 1) stage 2 calcite (C2, Figure 10a ) that was deposited before main-stage galena. Microthermometric measurements were done on two ( Figure 10b ) and three phase inclusions (Figure 10c ) of this type of calcite. 2) late-stage calcite (C3) that was deposited after main-stage galena (Figure 10d ). 3) barite that was deposited during and after main-stage galena (Figures 10e and 10f) . Double polished sections were prepared using the procedure of Shepherd et al. (1985) with a maximum thickness of about 100 um. The studied fluid inclusions consist of a liquid and vapor phase (2-25 µm in size); these are the most common group of inclusions. The liquid/vapor ratio (0.75-90) is almost constant in these inclusions. Less common monophase liquid (L) and three phase (H 2 O L + CO 2L + CO 2V ) types were also found. It appears that monophase inclusions are secondary in origin. The criteria of Roedder (1984) are used to determine the primary origin of the fluid inclusions.
The first melting temperature of two phase inclusions (Te) varies from -59.8 to -37.2 °C, indicating the Values in bold are statistically significant at 99% confidence level (for n = 9) presence of CaCl 2 in addition to NaCl (e.g., Roedder, 1984; Goldstein and Reynolds, 1994) . The last ice melting temperature for inclusions hosted by main-stage calcite ranges from -3.2 to -13.8 °C (5.2-17.6 wt% NaCl equiv.). Microthermometry results for fluid inclusions hosted by barite and post-mineralization calcite show the last ice melting temperature ranges from -2.2 to -11.9 °C (3.6 to 15.9 wt% NaCl equiv.), and -0.4 to -19.8 °C (0.66 to 22.2 wt% NaCl equiv.), respectively ( Figure 11a ). Homogenization temperatures range from 141 to 208 °C for inclusions in barite and 122 to 220.4 °C for inclusions in the late-stage calcite (C3) (Figure 11b ). First melting temperatures (T e ) for CO 2 -bearing inclusions of both C2 and C3 calcite grains are similar and vary between -56.7 and -58.1 °C and T mclat ranges from +1.9 to +7.3 °C corresponding to salinities between 5.15 and 13.2 wt% NaCl equivalent (Figure 11c ). It seems that salinity of this type of inclusions is low to medium. The homogenization temperature of carbonic inclusion range is in the range of aqueous inclusions (Figure 11d ). Less than 10 mole% CH 4 has been proposed for CO 2 -rich inclusions (Goldstein and Reynolds, 1994) . Inclusions in the pre-main stage calcite ( Figure 11e) show a wider range of salinity compared to those in the late-stage calcite and barite (Figure 11f ).
Discussion
Syngenetic or epigenetic?
Semi-concordant to concordant orebodies in the lower part of massive limestone (Km2) in contact with shale without clear relationship with NW-trending normal faults, as well as mineralized stylolite, fine-grained ore, regional scale disseminated galena mineralization, diagenetic crystallization rhythmites (DCRs), and association of ore with framboidal pyrite are structural and textural features that suggest mineralization resulted from syn-sedimentary to syn-diagenetic processes at Ravanj (e.g., Modabberi, 1995) . It is notable that most carbonate hosted MVT deposits in the Esfahan-Malayer belt in Iran, such as the Emarat deposit (Figure 12a) , the Vejin-e-Balla orebody in the Tire-Vejin district (Figure 12b) , and the Goushfil deposit (Figure 12c ), occur in contact of shale and limestone (Lisenbee and Uzunlar, 1988; Ghazban et al., 1994; Ehya et al., 2010) . In the Ravanj deposit, orebodies occur as concordant to semiconcordant masses where a Km2 member thrusts over the shale or shale-carbonate layers (Figure 12d) . Tabular masses occur in many MVT deposits. Anderson (2008) proposed that tabular mineralization shows a gas phase control. Sheet-like and tabular bodies form when ore forming solutions flow under a methane gas cap (±H 2 S, ±CO 2 ). More supersaturated fluid with respect to sulfide minerals results in rapid growth and fine-grained deposition of galena and colloform pyrite. Anderson (2008) suggested that reaction of the H 2 Sbearing gas cap with metals in the ore solution will form fine-grained orebody. However, reaction of sulfate with a mainly CH 4 gas cap will be slow in the ore forming solution and because of the low rate of sulfate reduction ore would be coarse-grained. In the Ravanj deposit, colloform pyrite is consistent with a supersaturated fluid model. Fine- (Ehya et al., 2010) . b) Unscaled cross section of the Vejin-e-Balla orebody (Lisenbee and Uzunlar, 1988) . c) N-S cross section of the Goushfil deposit (Ghazban et al., 1994) . d) SE-NW cross section of the Cs orebody of the Ravanj deposit.
grained galena of the main stage and coarse-grained latestage galena may be evidence of continuous consuming and decreasing of H 2 S in the ore forming fluids.
In the Ravanj deposit, ore grade decreases from the lower part to the upper part of orebodies. Due to the disseminated Pb mineralization in the Km2 unit, Pb background (200 ppm) in the Ravanj area (Samani et al., 2010 ) is much higher than Pb average in limestone (8 ppm). Similar regional trace mineralization has been reported in the Ozark region (Viets and Leach, 1990) . Erickson et al. (1988) attributed such mineralization to the passage of a regional scale metal bearing fluid through the Ozark MVT province.
Rhythmically banded ore is usually developed by cycles of dissolution and open-space filling. The DCRs result from the interaction of hot brines within the host rocks in an open system, long after the lithification (Leach and Sangster, 1993) . Sulfide-bearing stylolite is commonly found with MVT (Leach et al., 2005) .
The fact that mineralization occurs in the hanging wall of the thrust faults and other lines of evidence, such as epigenetic fault breccia mineralization, replacement ore, regional disseminated galena in the Cretaceous carbonate rock, and absence of exhalative sedimentary rocks in the district, support an epigenetic origin for the Ravanj mineralization in the best way possible.
Geochemistry
Hydrothermal alteration in the Ravanj deposit manifests as host rock replacement by sulfide minerals and barite as well as minor dolomitization. In the MVT deposits, dolomitization is due to the low Ca/Mg ratio of mineralized fluids, high pH, and high rate of reaction between ore fluid and host rock (Moore, 1989; Plumlee et al., 1994) . The reaction of a dolomite-saturated fluid with a lower temperature limestone results in extensive replacement of limestone by dolomite (Plumlee et al., 1994) . Mg content of the Ravanj mineralized host rock is low; however, minor dolomite formed locally. In the Ravanj deposit, calcite was dissolved during the main stage of mineralization. This process consumed H + and increased pH. Low dolomitization, in contrast to high calcitization, may be attributed to the low Mg content of hydrothermal fluids or mixing of two fluids with equal Mg/Ca ratio (Plumlee et al., 1994) .
The Ravanj deposit is enriched in Pb compared to Zn, and has a Zn/(Zn+Pb) ratio lower than 0.1 (Figure 13 ). In magmatic related Pb-Zn deposits, the Ag content of galena is high (generally >1000 ppm, up to 5000 ppm; Qian, 1987) . Low Ag values (generally <500 ppm) are reported in sedimentary deposits (Qian, 1987) . Silver content of the Ravanj deposit is low (2-550 ppm, average 80 ppm). Ag content of <100 ppm is considered to be an indicator of low-temperature hydrothermal solutions at shallow depth (Dill et al., 2011) . The low content of Ag in the Ravanj ore deposit correlates with low temperature mineralization by sedimentary source fluids. The average content of Ag is 80 ppm, which corresponds to the 75th percentile of statistical values of MVT deposits (Leach et al., 2005) . At Ravanj, other trace elements such as Cu, As, Sb, and Au are very low, which is similar to the MVT deposits and dissimilar to magmatic related Pb-Zn deposits (Sagiroglu and Sasmaz, 2004; Leach et al., 2005) .
Comparisons between interelement relationships indicate positive correlation between Pb, Sb, and Ag over a wide range of values. High correlation is seen between Pb and Ag in low values of Ag (<53 ppm). A similar correlation is found between Sb and Ag at high values of Ag (>53 ppm). Silver occurs mainly in galena as inclusions of Ag-bearing minerals such as tetrahedrite (Klein and Harbburt, 1993) REEs are lithophile elements and their abundances in sulfide minerals (mainly galena) are very low (Morgan and Wandless, 1980) . Most barite samples show LREEenriched patterns due to the crystallographic limitations for HREE substitution in barite lattice (Guichard et al., 1979) . Barite content in the selected mineralized samples was very low. This may suggest that most features of the REE pattern in the Ravanj ore resulted from hydrothermal calcite rather than barite. High contribution of seawater in the hydrothermal fluid causes a typical LREE-depleted pattern and results in negative Ce/Ce* values (Lottermoser, 1992; Davies et al., 1998; Ehya, 2012) . However, high ƒO 2 of hydrothermal fluids during initial weathering in the near-surface environment could result in oxidation of Ce +3 and immobilization as Ce +4 (Chesley et al., 1994) . Moreover, a positive Eu anomaly indicates an oxidizing depositional environment near the magnetite-hematite or sulfide-sulfate redox equilibria (Sverjensky, 1984b) and probably near-surface depositional conditions (Bau, 1991) . The Eu associated with hydrothermal solutions was probably derived from the alteration of feldspathic source rocks (Jebrak et al., 1984) . The δ 34 S values of MVT deposits show a wide range from -30‰ to +30‰ and are more negative in their values than those in SEDEX deposits (-5‰ to +30‰). MVT deposits commonly have one or more possible sources of sulfur (Leach et al., 2005) . The temperature of sulfide mineralization in the MVT deposits generally exceeds conditions of sustaining efficient bacterial processes, and therefore bacteriogenic sulfate reduction occurs at a different place and/or time relative to sulfide mineral deposition (Leach et al., 2005; Wilkinson, 2011) . The δ 34 S values of the Ravanj deposit show at least two sources of sulfur. Sulfide minerals are enriched in light sulfur (-27‰ to -23‰ in galena and -14‰ to -11‰ in pyrite) and their formation is probably related to bacterial reduction. The δ 34 S values in barite (20.35‰ to 20.92‰) suggest that the sulfur in barite was derived from upper Cretaceous or Tertiary seawater sulfates. Therefore, a characteristic fractionation of about 35‰ to 45‰ away from sulfate can be suggested for the observed range of δ 34 S in the Ravanj deposit. The multiple sulfur sources suggest mixing of reduced light sulfur-bearing fluid with heavy sulfate-bearing solution, which caused galena and barite mineralization. Various generations of pyrite and galena have different ranges of isotopic sulfur composition. Early deposited sulfide minerals have isotopically heavier sulfur than later minerals. For example, the δ 34 S values of mainstage galena samples (ranging from -23‰ to -25‰) are heavier than those in the late-stage galena (-27‰). This suggests a change in the sulfur isotopic composition of hydrothermal fluid.
Microthermometry
The homogenization temperatures of fluid inclusions from the two phase (L+V) and three phase (L1+L2+V) inclusions of the pre-main stage calcite, post-main stage calcite, and barite range from 122 to 220 °C. Average T h values in fluid inclusions of the pre-and post-main stage calcite are similar (165 and 160 °C, respectively), while T h is slightly higher (175 °C) in barite-hosted inclusions.
The inherent weakness of calcite and barite causes some inclusions of these minerals stretched before homogenization. If partial re-equilibration in soft minerals occurred, plotting of inclusion size against homogenization temperature would show a positive correlation (Bodnar et al., 1989; Wilkinson, 2001) . Such a positive correlation is seen in the Ravanj barite inclusion ( Figure 14a) ; however, their T h overlapped with other fluid inclusion data ( Figure  14b ). Barite-hosted inclusions possibly show evidence of very low (+10 °C) partial re-equilibration.
In a basinal brine model, the brine is saturated with respect to their aquifer constituents (Sverjensky, 1984a) . Jurassic shale and Lower Cretaceous strata (terrigenous Cd member and Ksb shale-carbonate member) at Ravanj are composed of silicate minerals. Therefore, these fluids have reached saturation with respect to silica. A decreasing temperature of ore forming fluid about 10 °C will precipitate silica approximately equal to or exceeding the amount of precipitated galena (Rowan and Leach, 1989) . Therefore, narrow change in homogenization temperatures of fluid inclusions (+10 °C) in the Ravanj deposit is consistent with low silica precipitation.
Salinity of fluid inclusions ranges widely from 0.66 to 18 (with an outlier 22.2) wt% NaCl equivalent (average 8.4 wt% NaCl equivalent). Variations in the salinity content of fluids can be explained in terms of multiple fluid sources and fluid mixing. These fluid inclusions can be subdivided into two groups: a higher salinity group with 14 to 18 (average 15.7) wt% NaCl equivalent and a lower salinity group with 0.66 to 8 (average 5.6) wt% NaCl equivalent. These two groups are separated from each other by a small group of intermediate salinity inclusions probably resulting from fluid mixing between low and high salinity fluids (Figure 15 ). Both fluid types show similar T h , suggesting isothermal mixing. The higher salinity brine is typical of MVT fluids (10-30 wt% NaCl equivalent; Leach et al., 2005) and lower salinity fluid is similar to seawater (5.6 wt% NaCl equivalent; Leach et al., 2005) . Densities of these two fluids are higher than 1 g/cm 3 and lower than 1 g/cm 3 , respectively.
Most fluid inclusions of the pre-main stage mineralization calcites show higher salinity than in the late-stage calcite. Aqueous-carbonic inclusions of premain stage mineralization calcite show lower salinity (5.7 wt% NaCl equivalent) than post-stage mineralization calcite (10.2 wt% NaCl equivalent). These two distinct salinity groups support fluid mixing of a lower salinity CO 2 -bearing fluid and a higher salinity brine. Presence of CO 2 -bearing inclusions with low to medium salinity (5.2-13.2 wt% NaCl equivalent) and T h (170-200 °C) close to T h of the aqueous inclusions (average 165 °C), absence of correlation between temperature and salinity, and absence of gas-rich fluid inclusions that homogenize to vapor phase are evidences for lack of CO 2 effervescence (Shepherd et al., 1985; Wilkinson, 2001) .
Precipitation of sulfides and dissolution or precipitation of calcite depend on the extent of mixing between two geochemically distinct fluids (Corbella et al., 2004 ). Dissolution of calcite shows fluid might have originally been acidic in nature, or hydrogen ions were produced by precipitation of metal sulfides according to the following reaction:
2H 2 S +2 Zn 2+ = 2ZnS + 4H + Hydrothermal dissolution of carbonate requires acidic fluids and occurred by this reaction: 2CaCO 3 + 4H + = 2Ca 2+ + 2H 2 O + 2CO 2 The production of additional Ca 2+ and CO 2 in the fluid as a result of carbonate dissolution provides the ingredients for later precipitation of calcite.
Marcasite forms at low pH (less than about 5) and low temperatures (below 240 °C; Murowchick and Barnes, 1986; St Marie and Kesler, 2000) . In the Ravanj deposit, absence of marcasite may indicate that the fluid during ore deposition had a pH of >5. The below-neutral pH of the fluid is demonstrated by the dissolution of carbonate host rock. At 160 °C, in near-surface (1-5 km) basinal brines, the neutral pH is about 5.8 (Gumez-Fernandez et al., 2000) . This suggests that pH values were likely between 5 and 6 during sulfide deposition and dissolution of calcite in the Ravanj deposit. The presence of two fluids with different salinity but similar temperature may indicate that nearisothermal mixing of these fluids (possibly having different H 2 S and metal content) had a role in ore precipitation.
Association of galena and barite may indicate that one of these fluids was oxidized and the other one was sulfurrich. Total sulfate content of fluid controls precipitation of barite (Hanor, 2001) . A CO 2 -bearing, low salinity fluid is more reducing than the hematite-magnetite buffer. In such fluid, sulfur is predominantly formed as reduced state (Philips and Evans, 2004) and such a condition is appropriate for barium solubility. Barite has precipitated either due to mixing of reduced high barium water with oxidized sulfate-rich water (Hanor, 2000) or due to oxidation of a reduced sulfur and Ba-rich fluid (Plummer, 1971) . Since barite is an insoluble mineral in oxidized systems, its precipitation defines the mixing zone of reduced fluid containing Ba with an oxidized or sulfatebearing fluid.
Genetic model
Textural evidences of the Ravanj ore minerals are compatible with epigenetic mineralization. Simple mineralogy and low Ag, Sb, and Cu content are consistent with MVT deposits (Dill et al., 2011 ). It appears that deposition of ore at Ravanj is more compatible with carbonate-hosted MVT deposits than syngenetic SEDEX shale-hosted deposits (Leach et al., 2005) or magmatic Pb-Zn deposits that have complex mineralogy and high content of Ag, Sb, Cu, and/or Au (Sagiroglu and Sasmaz, 2004; Paiement et al., 2012) . In the Ravanj deposit, barite accompanies galena; however, barite and galena were deposited under different geochemical conditions (Hanor, 2000; Kharaka and Hanor, 2007) . Colloform pyrite and fine-grained galena are consistent with a sulfur-supersaturated fluid (Anderson, 2008; Anderson and Thom, 2008) in the Ravanj ore. Fluid inclusion studies in barite and pre-main-stage and postmain-stage calcite show that two fluids with different salinity but similar T h mixed during mineralization. One of the fluids had high salinity, probably oxidized, metalrich with heavy sulfur isotope (~20‰), and the other one had low salinity, enriched in CO 2 , and probably light isotopic sulfur (-27‰ to -11‰). These two different fluids required two distinct aquifers. These aquifers could be basal terrigenous strata (conglomerate, sandstone, and sandy dolomite; Cd) with a maximum thickness of 50 m, and a crushed thrust zone of massive limestone above the organic-rich shale. Minor remnants of framboidal pyrite in the massive limestone of the Ravanj mineralized host rock show microbial activity under reduced conditions (Kucha et al., 2010) . These aquifers were separated and restricted by aquitard shales. Fluids from lower aquifer migrated along the northeast trending fault conduit to thrust zone where fluid mixing caused co-precipitation of galena and barite.
The Ravanj ore deposit shows similarities with and differences fom some of the known MVT deposits. Ore mineralization in the Ravanj deposit is similar to that in the Viburnum Trend deposits; both deposits have Zn/ (Zn+Pb) < 1, indicating their enrichment in Pb compared to Zn. Stratigraphically, in the Ravanj and Viburnum Trend deposits, a sandstone member lies unconformably over the basement and it is overlain by carbonate sequences. The best mechanism for ore deposition in the Viburnum Trend and the Ravanj deposits is fluid mixing (Rowan and Leach, 1989; Appold and Wenz, 2011) . Salinity and T h of Ravanj ore fluids (14-18 wt % NaCl equivalent, 165 °C) is in the lower part of salinity and upper part of T h ranges of MVT ore fluids (10-30 wt % NaCl equivalent, 90-200 °C). Salinity and T h of the Ravanj ore fluids are more comparable with the salinity and T h of Irish Midlands basin ore fluids (8-19 wt % NaCl equivalent). Other features such as epigenetic mineralization, lack of dolomitization, and Pb-rich characteristic of the Ravanj ore are in contrast to the early diagenetic, high dolomitization, and Zn-rich feature of ore from the Irish Midlands basin deposits.
